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REMARKS 

Claims 12, 14, 24, 31 are amended, claim 13 is cancelled, 
and claims 50-57 are added by this amendment. Upon entry of this 
amendment, claims 12, 14-18 and 24-57 will be pending. 
Applicants acknowledge that claims 18, 30, 37 and 42-49 are 
withdrawn from consideration. 

Objection to the Drawings 

A Request for Amendment of Drawing to overcome the objection 
to the drawings is attached. 

Objection to the Specification and Abstract 

The specification and abstract have been amended to overcome 
the Examiner's objections. Additionally, applicants have 
reviewed and amended the specification to correct other 
typographical errors . 

Rejection of Claims 12, 16, 24, 31 and 38 under 35 U.S.C. § 112 

As best understood, claim 12 is objected to on the grounds 
that it is unclear whether the inner body, tip or substrate has 
the "recess." Although applicants disagree with the rejection, 
in order to expedite allowance claim 12 is amended to make clear 
that the tip has the recess. Applicants emphasize that the 
claimed recess is not limited to the embodiments described. 

Claim 12 is rejected under § 112, second paragraph and MPEP 
2172.01 for omission of structural cooperative relationships of 
the inner body, tip, outlet and recess. A claim which fails to 
interrelate essential elements of the invention as defined by 
applicants in the specification may be rejected under § 112. 
MPEP 2172.01 (emphasis supplied). Applicants respectfully submit 
that the rejection is improper. The Examiner has not referred to 
any language in the specification which would indicate any 
essential interrelationships between these elements. In fact, 
applicants' specification does not define any interrelationships 
between these elements that are essential to the invention. (See 
pages 8-16 of the specification for a description of the 
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elements) . Moreover, claim 12 is amended to recite 
interrelationships between the inner body and the outer body, and 
between a resiliently compliant element, a tip, and the inner 
body. Accordingly, the rejection should be withdrawn. 

Additionally; regarding the Examiner's assertion that "the 
outlet at the tip appears to be the same element as the recess," 
applicants emphasize that claim 12 recites a recess and an 
outlet, and claim 12 does not suggest that the two elements are 
necessarily the same element. Moreover, the first and third 
embodiments described in the specification do not suggest that 
the outlet is the same element as the recess. Specifically, 
recess 118 of the first embodiment is shown in Fig. 4 and is 
described at page 8, lines 21-22 as follows: "[t]he tip 116 has a 
hollow interior forming a recess 118 ..." (emphasis added) . The 
outlet is described at page 9, lines 29-30: "an outlet defined by 
an exterior surface of the tip 116 and an opening 144 in the 
cover 120 ..." (emphasis added) . Further, the outlet of the 
third embodiment comprises one or more holes 250 (Fig. 6 and page 
13, line 14, as amended) separate from the recess 238. Thus, it 
is clear from the claim and the specification that the outlet at 
the tip does not have to be the same element as the recess. 
Applicants need not include every detail of the invention in each 
claim. It is well settled that an applicant is entitled to 
protection broader than the specific embodiments described in the 
specification. For these additional reasons, the rejection of 
claim 12 on the grounds of omission of structural cooperative 
relationships should be withdrawn. 

As best understood, claim 16 is objected to in that it is 
unclear how the vent passage is positioned outside the recess of 
the tip. Claim 16 states that the probe "further compris [es] a 
vent passage extending through the outer body from an inlet 
positioned outside the recess of the tip ... . " Applicants 
confirm that the vent passage is not part of the recess of the 
tip, and submit that no amendment of claim 16 is required to 
clarify the relationship. While claim 16 is not limited to the 
described embodiments, applicants note that the specification 
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clearly states the "vent passage 148 extends from an annular 
cavity 150 surrounding the cavity 106 of the outer body." The 
specification further states that " [a] series of holes 154 
provided in the cover 120 form inlets for permitting the 
reactants and reaction products to pass through the cover 120 and 
enter the cavity 150 and vent passage 148." (See page 10, lines 
9-16 and Fig. 4). Thus, the claim and specification are clear 
regarding the positioning of the vent passage. 

Claim 16 is also rejected under § 112, second paragraph and 
MPEP 2172.01 for omission of ' structural cooperative relationships 
between the vent passage, inlet, recess and tip. As noted above, 
a claim which fails to interrelate essential elements of the 
invention as defined by applicants in the specification may be 
rejected under § 112. MPEP 2172.01 (emphasis added). Applicants 
respectfully submit that the rejection is improper because the 
Examiner has not referred to any language in the specification 
which would indicate any essential interrelationships between 
these elements, and indeed, applicants believe there is no such 
language in the specification. Again, applicants need not 
include every detail of the invention in each claim. In other 
words, applicants need not specify where the vent passage is with 
respect to the recess and tip. It is well settled that an 
applicant is entitled to protection broader than the specific 
embodiments described in the specification. Accordingly, the 
rejection of claim 16 on the grounds of omission of structural 
cooperative relationships should be withdrawn. 

Claim 24 recites that the probe comprises a body, a tip 
posit ionable over the substance on the substrate, and a 
resiliently compliant element positioned between the tip and the 
body for permitting the tip to move relative to the body. Claim 
24 is rejected under § 112, second paragraph and MPEP 2172.01 for 
omission of structural cooperative relationships between the 
body, tip and resiliently compliant element. As best understood, 
the Examiner asserts that applicants must state whether the body 
and tip are attached or detached, and must state more 
descriptively exactly where the compliant element is located. 
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Applicants respectfully disagree because there is no rule 
requiring such statements. As noted above with respect to claims 
12 and 16, applicants' specification does not define any elements 
or interrelationships between elements that are essential to the 
invention. Applicants need not include every detail of the 
invention in each claim and it is well settled that an applicant 
is entitled to protection broader than the specific embodiments 
described in the specification. Accordingly, the rejection of 
claim 24 on the grounds of omission of structural cooperative 
relationships should be withdrawn. 

Claim 31 recites a probe comprising, among other things, a 
tip, a recess in the tip, an outlet for delivering reactant and 
that the tip includes at least one opening permitting reactants 
to flow into the recess when the tip engages the substrate. 
Claim 31 is rejected under § 112, second paragraph and MPEP 
2172.01 for omission of structural cooperative relationships 
between the recess, outlet and the "at least one opening" of the 
tip. The Examiner asserts that it appears the recess, outlet and 
"at least one opening" of the tip are the same elements. Similar 
to the other rejections, this rejection is improper because 
applicants' specification does not define any elements or 
interrelationships between elements that are essential, to the 
invention. The recess and outlet are not necessarily the same 
elements for the reasons described above with respect to claim 
12. The "at least one opening" is described at page 16, lines 
23-25 and is provided to allow flow of the reactant into the 
recess when the tip engages the substrate, for example, even when 
the outlet is positioned outside the recess as it is in the first 
embodiment. To further clarify this point, applicants have 
submitted additional claim 50 depending from claim 31 reciting 
that the at least one opening is a groove, e.g., the groove 262 
shown in Fig. 4. Accordingly, the rejection of claim 31 should 
be withdrawn. 

Claim 38 recites that an overflow vent passage is in fluid 
communication with the recess for removing excess reactant from 
the recess. Claim 38 is rejected under § 112, second paragraph 
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and MPEP 2172.01 for omission of structural cooperative 
relationships between the outlet, recess, tip, body, reactant 
delivery passage, sampling passage and overflow vent passage. 
Specifically, the Examiner asserts that the outlet and recess 
appear to be the same, and it is unclear where the overflow vent 
passage is located with respect to the elements. As noted above 
with respect to claim 12, the outlet and recess are not 
necessarily the same element. Regarding the overflow vent 
passage, the claim states that it is in fluid communication with 
the recess. There is no requirement that the claim state the 
exact position of the passage with respect to the other elements, 
absent a statement in the specification that such relationship is 
essential. Indeed, the relationship is not stated to be 
essential. Accordingly, the rejection of claim 38 should be 
withdrawn . 

General Considerations 

The present invention relates generally to probes for 
reaction product analyzers such as scanning mass spectrometers 
and photothermal deflection spectrometers, and more particularly 
to a sampling probe for delivering reactants to substances such 
as catalysts and for sampling resulting reaction products. 

Due to the inherent limitations of conventional sampling 
probes, reaction products from low activity reactants are 
difficult to detect, particularly where relatively long reaction 
times are required. Further, the conventional sampling probes do 
not entirely eliminate the potential for contamination of 
adjacent substances on the substrate. Applicants invention is a 
sampling probe which is capable of detecting reaction products 
from low activity reactants and which significantly reduces the 
potential of contaminating adjacent substances on a substrate. 
In the first and third embodiments of the invention, the probe 
includes a resiliently compliant element which enables the probe 
to make better contact with the substrate and thereby detect 
reaction products from low activity reactants. Preferably, the 
probe also includes a vent passage to prevent reactant from 
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contaminating adjacent substances deposited on the substrate. 
Additionally, in another embodiment, the probe includes a 
plurality of reactant source passages extending through the probe 
from a plurality of reactant sources. 

Rejections Under 35 U.S.C. § 102 

Claim 12 is directed to a sampling probe for delivering a 
reactant to a substance deposited on a substrate to form a 
reaction product and for transporting the reaction product to a 
product analyzer for analysis. The probe comprises: 

a) an inner body and 

b) an outer body having an inner cavity sized and shaped for 
receiving the inner body, 

c) the inner body including an upper portion fixed relative to 
the outer body, 

d) a tip for engaging the substrate, and 

e) a resiliently compliant element connecting the tip to the 
inner body for permitting the tip to move relative to the 
inner body, 

f) the tip having a recess sized and shaped for receiving at 
least a portion of the reaction product, 

g) a reactant delivery passage extending through the probe to 
an outlet at the tip for delivering reactant to the 
substance on the substrate to form the reaction product, and 

h) a reaction product sampling passage extending from the 
recess adapted for connection to the product analyzer for 
transporting at least the portion of the reaction product to 
the product analyzer. 

Claim 12 is rejected as anticipated by U.S. Pat. No. 
3,607,094 (Beer) and by 5,959,297 (Weinberg). Claim 12 is 
patentable over both references because neither reference shows a 
sampling probe including an inner body, a tip and a resiliently 
compliant element connecting the tip and the inner body. As 
described below, claim 12 is patentable over Beer for other 
reasons as well. 
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Beer generally shows an apparatus for transferring (or 
"pipetting") a liquid sample from a test tube of a first series 1 
of test tubes to another test tube of a second series 2 of test 
tubes and for supplying liquid reagent to the quantity of liquid 
sample thus transferred. (Col. 1, lines 55-60.) Beer shows a 
cannula 6 connected to a pump that is operable to draw a liquid 
sample into the cannula when the cannula is lowered into the test 
tube of the first series. (Col. 1, lines 63-69 and col. 2, lines 
33-38.) The cannula is thereafter moved along a path (shown as 
dotted line 7 in the Figure) to a position above the test tube of 
the second series 2, and the sample is released from the cannula 
into the test tube. (Col. 2, lines 36-51). Simultaneously with 
the release of the sample into the test tube, or thereafter, 
liquid reagent from container 5 is transferred by a pump 21 
through conduit 20, valve 19, cylinder 8 and cannula 6. (Col. 2, 
lines 11-17 and 55-65) . Liquid reagent may also be supplied 
through branch conduit 26 to rinse the exterior of the cannula 6. 
(Col. 2, lines 66-75) . 

Beer does not anticipate claim 12 for at least two reasons. 
First, Beer does not show a resiliently compliant element 
connecting a tip to an inner body. The Examiner asserts that 
Beer's valve spring 24 is the claimed resiliently compliant 
element. However, the valve spring does not connect a tip to an 
inner body. Rather, the valve spring biases a valve member 23 of 
the valve 19 toward a closed position. Moreover, Beer does not 
show a reaction product sampling passage for transporting at 
least a portion of the reaction product to a product analyzer. 
Beer's cannula 6 is not a "reaction product sampling passage." 
Rather, cannula 6 is used to draw liquid sample from the test 
tube in the first series 1. Beer does not state that the liquid 
sample is a reaction product. Accordingly, claim 12 is 
patentable over Beer for at least these reasons. 

Weinberg shows a conduit system 800 including a sampling 
probe 802, a gas inlet conduit 804 and a gas outlet conduit 806. 
(Figs. 8-10). The gas inlet conduit 804 includes an inner 
passage 904 coupled to an inner passage 906 of the probe. 
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Reactant gas is delivered through the inlet conduit and the inner 
passage to a capillary sized conduit 1000 at the distal end of 
the probe . 

Weinberg does not show a resiliently compliant element. 

Indeed, the Examiner does not assert that Weinberg shows a 
resiliently compliant element. Accordingly, claim 12 is 
patentable over Weinberg. 

Claims 13-17 depend from claim 12 and are patentable over 
Beer for the same reasons as claim 12 . 

Claim 24 is directed to a sampling probe for delivering a 
reactant to a substance deposited on a substrate to form a 
reaction product and for transporting the reaction product to a 
product analyzer for analysis. The probe comprises: 

a) a body, 

b) a tip positionable over the substance on the substrate, 

c) a resiliently compliant element positioned between the tip 
and the body for permitting the tip to move relative to the 
body, 

d) a recess in the tip sized and shaped for receiving at least 
a portion of the reaction product, 

e) a reaction product sampling passage extending from the 
recess adapted for connection to the product analyzer for 
transporting at least a portion of the reaction product to 
the product analyzer, and 

f) a reactant delivery passage extending to an outlet 
positioned at the tip for delivering reactant to the 
substance on the substrate to form the reaction product. 
Similar to claim 12, claim 24 recites a resiliently 

compliant element. To the extent claim 24 includes the same 
recitations as claim 12, it is submitted as patentable for the 
same reasons as claim 12 . 

Claims 25-29 depend from claim 24 and are submitted as 
patentable for the same reasons. 

Claim 31 is directed to a sampling probe comprising among 
other things : 
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a) a reaction product sampling passage extending from the 
recess 

b) a reactant delivery passage extending to an outlet 
positioned at the tip for delivering reactant to the 
substance on the substrate to form the reaction product, 

c) wherein the tip includes at least one opening permitting 
reactants to flow into the recess when the tip engages the 
substrate . 

An exemplary opening permitting reactants to flow into the 
recess is shown in Fig. 4 and is labeled 262. Claim 31 is 
rejected as anticipated by Beer. However, Beer does not disclose 
an outlet positioned at the tip, in addition to a tip including 
at least one opening permitting reactants to flow into the 
recess. It is unclear from the Examiner's rejection which 
element of Beer is purported to be the opening permitting 
reactants to flow into the recess. Moreover, Beer does not 
disclose a reaction product sampling passage, as discussed above 
with respect to claim 12. Accordingly, applicants request 
withdrawal of the rejection of claim 31. 

Claims 32-36 and 50 depend from claim 31 and are submitted 
as patentable for the same reasons as claim 31. 

Claim 32 states that the probe further comprises a 
resiliently compliant element connecting the tip to the body for 
permitting the tip to move relative to the body. As discussed 
above with respect to claim 12, Beer does not show a resiliently 
compliant element connecting the tip to the body for permitting 
the tip to move relative to the body. Accordingly, claim 32 is 
patentable for this additional reason. 

Claim 34 recites that the probe further comprises a vent 
passage extending from an inlet positioned on the body adi acent 
the tip for removing reactant . The Examiner asserts that Beer's 
aperture 18 is a vent passage. On the contrary, aperture 18 
merely vents air pressure on one side of an actuating piston 10. 
As noted above, applicants vent passage inhibits contamination of 
adjacent substances. Claim 34 is therefore patentable for this 
additional reason . 
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Claim 35 states that the probe further comprises an overflow 
vent passage in fluid communication with the recess for removing 
excess reactant from the recess. The Examiner asserts that 
Beer's conduit 20 is an overflow vent passage. However, the 
cited portion of the specification (col. 2, lines 11-16) states 
that liquid reagent is supplied through the conduit 20. The 
specification does not state that the conduit is an overflow vent 
passage. Accordingly, claim 35 is patentable for this additional 
reason . 

Independent claim 38 is directed to a sampling probe 
comprising, among other things, an overflow vent passage in fluid 
communication with the recess for removing excess reactant from 
the recess. To the extent that claim 38 includes the same 
recitations as claim 35, it is submitted as patentable for the 
same reasons as claim 35. 

Claims 39-41 depend from claim 38 and are submitted as 
patentable for the same reasons as claim 38. 

Claim 39 corresponds to claim 32 and is submitted as 
patentable for the same additional reason. 



New Claims 

New claims 51-56 are directed to a probe including, among 
other features, a plurality of reactant source passages extending 
through the probe from a plurality of reactant sources to the 
mixing chamber for delivering reactants to the mixing chamber. . 
(See Fig. 5 and pages 10-12 of the specification.) New claim 57 
is directed to a probe including an overflow vent passage in 
fluid communication with a mixing chamber for removing excess 
reactant from the mixing chamber. Applicants believe claims 51- 
57 are patentable in view of the cited art . 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 
IN THE CLAIMS : 

12 (amended) . A sampling probe for delivering a reactant to 
a substance deposited on a substrate to form a reaction product 
and for transporting the reaction product to a product analyzer 
for analysis, the probe comprising an inner body and an outer 
5 body having an inner cavity sized and shaped for receiving the 
inner body, the inner body including an upper portion fixed 
relative to the outer body, a tip for engaging the substrate^ and 
a resiliently compliant element connecting the tip to the inner 
body for permitting the tip to move relative to the inner body, 

10 the tip having a recess sized and shaped for receiving at least a 
portion of the reaction product, a reactant delivery passage 
extending through the probe to an outlet at the tip for 
delivering reactant to the substance on the substrate to form the 
reaction product, and a reaction product sampling passage 

15 extending from the recess adapted for connection to the product 
analyzer for transporting at least the portion of the reaction 
product to the product analyzer. 

Please cancel claim 13 without prejudice to its 
patentability. 

^14 (amended) . A probe as set forth in claim [13] 12_ wherein 
the resiliently compliant element comprises a bellows. 

24 (amended) . A sampling probe for delivering a reactant to 
a substance deposited on a substrate to form a reaction product 
and for transporting the reaction product to a product analyzer 
for analysis, the probe comprising a body, a tip positionable 
5 over the substance on the substrate, a resiliently compliant 

element positioned between the tip and the body for permitting 
the tip to move relative to the body, a recess in the tip sized 
and shaped for receiving at least a portion of the reaction 
product, a reaction product sampling passage extending from the 
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recess adapted for connection to the product analyzer for 
transporting at least a portion of the reaction product to the 
product analyzer, and a reactant delivery passage extending to an 
outlet positioned at the tip for delivering reactant to the 
substance on the substrate to form the reaction product . 

31 (amended) . A sampling probe for delivering a reactant to 
a substance deposited on a substrate to form a reaction product 
and for transporting the reaction product to a product analyzer 
for analysis, the probe comprising a body, a tip connected to the 
body and engageable with the substrate, a recess in the tip sized 
and shaped for receiving at least a portion of the reaction 
product, a reaction product sampling passage extending from the 
recess adapted for connection to the product analyzer for 
transporting at least a portion of the reaction product to the 
product analyzer, and a reactant delivery passage extending to an 
outlet positioned at the tip for delivering reactant to the 
substance on the substrate to form the reaction product, wherein 
the tip includes at least one opening permitting reactants to 
flow into the recess when the tip engages the substrate. 

34 (amended) . A probe as set forth in claim 31 further 
comprising a vent passage extending from an inlet positioned on 
the body adjacent the tip for removing reactant . 

New claims 50-57 have been added. 
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CONCLUSION 

In view of the foregoing, allowance of the application is 
respectfully requested. The undersigned requests a telephone 
call from the Examiner if this would expedite allowance of the 
application. 

A check in the amount of $294.00 is enclosed to cover the 
additional claims. The Commissioner is hereby authorized to 
charge any fee deficiency or credit any overpayment to Deposit 
Account No. 19-1345. 



Respectfully submitted, 




Michael G. Munsell, Reg. No. 43,820 
SENNIGER, POWERS, LEAVITT & ROEDEL 
One Metropolitan Square, 16th Floor 
St. Louis, Missouri 63102 
(314) 231-5400 



MGM/clh 

Express Mail Label No. EL 946585586 US 
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ERSIQN OF SPECIFICATION WITH MARKINGS SHOWING CHANGES MADE 



Background of the Invention 

The present invention relates generally to probes for 
reaction product analyzers such as scanning mass spectrometers 
and photothermal deflection spectrometers, and more particularly 
to a sampling probe for delivering reactants to substances such 
as catalysts and for sampling resulting reaction products. 

Various conventional reaction product analyzers are used for 
analyzing characteristics of reaction products formed by reacting 
reactants. One such analyzer is a mass spectrometer. One type 
of spectrometer known as a scanning mass spectrometer may be used 
to identify the particles present in each reaction product in an 
array of reaction products. This type of spectrometer has a 
probe which delivers reactants to each substance (e.g., a 
catalyst) in an array of substances. The reactants are allowed 
to react to form reaction products and the probe draws a portion 
of each reaction product into an ionization chamber of the 
scanning mass spectrometer for analysis. Using scanning mass 
spectrometers, hundreds of reaction products can be analyzed over 
a relatively short period of time. Such scanning mass 
spectrometers and methods for their use are further described in 
U.S. Patent No. 5,959,297, issued September 29, 1999, entitled, 
"Mass Spectrometers and Methods for Rapid Screening of Libraries 
of Different Materials" , which is hereby incorporated by 
reference . 

A photothermal deflection spectrometer is another type of 
reaction product analyzer used to analyze characteristics of 
reaction products. In photothermal spectrometers, a sample 
(e.g., a reaction product) is excited with optical radiation from 
a source such as an infrared laser. The sample absorbs some of 
the radiation resulting in a change in the sample temperature and 




density which affect other properties of the sample. 
Photothermal spectrometers measure the changes in the refractive 
index of the sample resulting from exciting it with radiation. 
One such photothermal spectrometer is described in U.S. Patent 
5 No. 6,087,181, issued July 11, 2000, entitled, "Sampling and 

Detection of Trace Gas Species by Optical Spectrography" , which 
is hereby incorporated by reference. 

Conventional sampling probes used with product analyzers 
have a recessed tip which is positioned over each substance in an 

10 array of substances deposited on a substrate for delivering the 

reactant and drawing the reaction product. Although the tip does 
not touch the substrate which holds the substances, it is 
positioned near the substrate (e.g., within about 100 
micrometers) to hold the reactants and reaction products in the 

15 recess and to physically prevent them from contaminating adjacent 
substances in the array. The longer the period of time the 
reactants are held in the recess, the longer they can react. 
When a gap is left between the tip and the substrate, the 
reaction time is generally determined by the diffusion time of 

20 the reactants from the center of the recess to its edge. A 

conventional scanning mass spectrometer probe has a relatively 
short reaction time, typically on the order of 1 millisecond to 
about 10 milliseconds. 

Due to the inherent limitations of conventional sampling 

25 probes, reaction products from low activity reactants are 

difficult to detect, particularly where relatively long reaction 
times are required. Further, the conventional sampling probes do 
not entirely eliminate the potential for contamination of 
adjacent substances on the substrate. 
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Summary of the Invention 

Among the several objects and features of the present 
invention may be noted the provision of a sampling probe which 
significantly increases the contact time or residence time 
5 between the reactants and the substances; the provision of a 
sampling probe which significantly reduces the potential of 
contaminating adjacent substances on a substrate; and the 
provision of a probe which is capable of detecting reaction 
products from low activity reactants. 

10 Briefly, apparatus of this invention is a sampling probe for 

delivering a reactant to a substance deposited on a substrate to 
form a reaction product and for transporting the reaction product 
to a product analyzer for analysis. The probe includes a tip 
positionable over the substance on the substrate. The probe has 

15 a recess in the tip sized and shaped for receiving at least a 
portion of the reaction product. The probe has a product 
sampling passage extending from the recess adapted for connection 
to the product analyzer for transporting at least the portion of 
the reaction product to the product analyzer. Further, the probe 

20 has a reactant delivery passage extending to an outlet positioned 
outside the recess for delivering reactant to the substance on 
the substrate to form the reaction product. 

In another aspect of the invention, the probe includes a 
barrier surrounding the area outside the recess for reducing 

25 emission of reaction products beyond the barrier. 

In yet another aspect of the present invention, the probe 
comprises an inner body and an outer body having an inner cavity 
sized and shaped for receiving the inner body. The inner body 
includes a tip for engaging the substrate and has a recess sized 

30 and shaped for receiving at least a portion of the reaction 

product. The probe also includes a reactant delivery passage and 
a product sampling passage. 
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In still another aspect of the present invention, the probe 
comprises a tip, a mixing chamber positioned inside the probe for 
mixing reactants therein, and a plurality of reactant source 
passages extending through the probe from a plurality of reactant 
5 sources to the mixing chamber. A reactant delivery passage 

extends from the mixing chamber to an outlet positioned at the 
tip for delivering reactants to the substance on the substrate. 

In another aspect of the present invention, the probe 
comprises a body, a tip, a resiliently compliant element 
10 positioned between the tip and the body for permitting the tip to 
move relative to the body, a recess in the tip, a product 
sampling passage, a vent passage and a reactant delivery passage. 

The present invention also includes a method for sampling 
reaction products. The method includes delivering a reactant 
15 through a sampling probe to contact a substance deposited on a 
substrate and reacting the reactant to form a reaction product. 
At least a portion of the reaction product is withdrawn through 
the sampling probe and analyzed. The sampling probe is contacted 
with the substrate during at least a portion of the delivering, 

2 0 reacting and withdrawing steps. 

In another aspect of the invention, a method of present 
invention includes delivering a reactant through a sampling probe 
to contact a substance deposited on a substrate and reacting the 
reactant to form a reaction product. The reactant has [an] a 
25 contact time of greater than 1 second. The method also includes 
the steps of withdrawing at least a portion of the reaction 
product through the sampling probe and analyzing the withdrawn 
portion of the reaction product. 

Other objects and features of the present invention will be 

3 0 in part apparent and in part pointed out hereinafter. 
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Brief Description of the Drawings 

Fig. 1 is a fragmentary isometric view of a reaction chamber 
of the present invention; 

Fig. 2 is a fragmentary top plan of the chamber having a top 
5 panel removed; 

Fig. 3 is a fragmentary isometric view of a probe of the 
present invention; 

Fig. 4 is a vertical cross section of a first embodiment of 
the probe of the present invention; 
10 Fig. 5 is a vertical cross section of a second embodiment of 

the probe of the present invention; and 

Fig. 6 is a vertical cross section of a third embodiment of 
the probe of the present invention. 

Corresponding reference characters indicate corresponding 
15 parts throughout the several views of the drawings. 

Detailed Description of the Preferred Embodiment 

Referring now to the drawings and in particular to Fig. 1, a 
portion of a scanning mass spectrometer, more particularly a 
scanning mass spectrometer reaction chamber, is designated in its 

20 entirety by the reference numeral 10. The reaction chamber 10 
comprises an enclosure, generally designated by 12, having two 
horizontally-oriented, feedthrough actuator assemblies, generally 
designated by 14, and one vertically-oriented, feedthrough 
actuator assembly, generally designated by 16. As shown in Fig. 

25 2, the horizontally-oriented actuator assemblies 14 are connected 
to a stage, generally designated by 18, mounted inside the 
enclosure 12 for supporting a substrate S. As illustrated in 
Fig. 3, the vertically-oriented actuator assembly 16 is connected 
to a probe, generally designated by 20, for delivering reactants 

30 to substances M (Fig. 4) deposited on the substrate S to form 

reaction products and for withdrawing a portion of each reaction 
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product for analysis as will be explained in greater detail 
below . 

As further illustrated in Fig. 1, the enclosure 12 includes 
a bottom 30, a middle section 32 and a top 34. Threaded 
5 fasteners (not shown) are used to fasten the bottom 30, middle 

section 32 and top 34 together. A removable panel 40 is attached 
to the middle section 32 for covering an opening (not shown) in 
the middle section through which the substrate S is loaded and 
unloaded. Windows 42, 44 are provided in the top 34 and the 
10 middle section 32, respectively, for viewing an interior of the 
enclosure 12 . 

As illustrated in Fig. 2, the stage 18 includes a base 50 
mounted on the bottom 30 of the enclosure 12, a first element 52 
slidably mounted on the base with a first pair of linear bearings 

15 54, and a second element 56 slidably mounted on the first element 
with a second pair of linear bearings 58. The first pair of 
linear bearings 54 permit the first element 52 to slide 
horizontally in a first direction X with respect to the base 50. 
The second pair of linear bearings 58 permit [to] the second 

20 element 56 to slide horizontally in a second direction Y with 
respect to the first element 52. One of the horizontally- 
oriented actuator assemblies 14 is attached to the first element 
52 and one is attached to the second element 56 to selectively 
align the probe 20 (Fig. 3) with each of the substances M 

25 deposited on the substrate S. An arm 60 extends laterally from 
each horizontally-oriented actuator assembly 14 for connecting 
the respective assembly to the stage 18. Each arm 60 includes 
magnets (not shown) for attaching the respective arm to the stage 
18. A roller (not shown) is provided on the arm 60 attached to 

3 0 the second element 56 to permit the arm to move laterally with 
respect to the stage 18. Because the stage 18 is conventional, 
it will not be described in further detail. Conventional 
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pneumatic fittings 62 extend through the bottom 30 for connecting 
the enclosure 12 to a source of pressurized inert gas (not shown) 
for pressurizing the interior of the enclosure. A larger fitting 
64 extends through the bottom 30 for connecting the enclosure 12 
5 to a vacuum source (not shown) to evacuate the enclosure. It is 
envisioned that the stage 18 and/or enclosure 12 may include a 
conventional heating element to heat the substances M deposited 
on the substrate S to enhance the reaction. 

Each of the horizontally-oriented and vertically-oriented 

10 actuator assemblies 14, 16, respectively, is substantially 
identical. Thus, for brevity only the vertically-oriented 
actuator assembly 16 shown in Fig. 3 will be described in further 
detail. The assembly 16 generally includes a frame 70 which is 
attached to the enclosure 12 at a first end 72. In contrast to 

15 the horizontal assemblies 14, the vertically-oriented actuator 

assembly 16 includes a mounting plate 74 at the first end 72 for 
attaching the frame 70 to the enclosure 12 . A conventional 
rotary actuator (not shown) is mounted on a second end (not 
shown) of the frame 70 opposite the first end 72. The rotary 

20 actuator drives a threaded drive rod assembly 76 toward and away 
from the enclosure 12 as the actuator rotates. As will be 
appreciated by those skilled in the art, the rotary actuator may 
be a conventional pneumatic or a conventional electric actuator. 
The drive rod assembly 76 extends into the enclosure 12 . In the 

25 case of the horizontally-oriented actuator assemblies 14, the 

previously described arm 60 is mounted on an end of the drive rod 
assembly 76 positioned inside the enclosure 12. In the case of 
the vertically-oriented actuator assembly 16, a mounting bracket 
92 is attached to the end of the drive rod assembly 76 positioned 

30 inside the enclosure 12. The probe 20 is mounted on the mounting 
bracket 92 . 
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As illustrated in Fig. 4, the probe 20 includes an inner 
body, generally designated by 102, and an outer body 104 having 
an inner cavity 106 sized and shaped for receiving the inner 
body. The inner body 102 includes a threaded fitting 110, a 
5 collar 112 surrounding the fitting, a resiliently compliant 

element 114 attached to the fitting 110 inside the collar, and a 
cylindrical tip 116 attached to the lower end of the compliant 
element for engaging the substrate S as will be explained in 
greater detail below. The tip 116 has a hollow interior forming 

10 a recess 118 sized and shaped for receiving at least a portion of 
the substance M when the tip 116 engages the substrate S. 
Although other compliant elements such as a diaphragm or spring 
may be used without departing from the scope of the present 
invention, in one embodiment the compliant element is a bellows. 

15 The compliant element 114 allows the tip 116 to tilt when seating 
against the substrate S to account for small amounts of non- 
parallelism between the tip and the substrate. Thus, the tip 116 
is adapted to engage the substrate S entirely around the recess 
118. As will be appreciated by those skilled in the art, the 

20 collar 112 centers the fitting 110, bellows 114 and tip 116 in 

the cavity 106 of the outer body 104. A cover 120 is attached to 
the lower end of the outer body 104. Although the cover 120 may 
be attached by other means without departing from the scope of 
the present invention, in one embodiment the cover is attached by 

25 screw fasteners (not shown) . 

The probe 20 includes a product sampling passage 130 
extending upward from an inlet 132 in the recess 118 through the 
threaded fitting 110 and outer body [114] 104 to a tube 134 (Fig. 
3) connected to an ionization chamber (not shown) of a 

3 0 conventional scanning mass spectrometer (not shown) or to some 
other product analyzer. The tube 134 transports at least a 
portion of a reaction product from the product sampling passage 
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130 to the ionization chamber. The probe 20 also includes 
reactant source passages 136 extending through the outer body 104 
from tubes 138 (Fig. 3) connected to a plurality of reactant 
sources (e.g., four separate sources, not shown). Although the 
5 probe 2 0 may be connected to fewer or more tubes 13 8 without 
departing from the scope of the present invention, in one 
embodiment the probe is connected to four tubes. The reactant 
source passages 136 extend to a mixing chamber 140 defined in 
part by the inner cavity 106 of the outer body 104 where 

10 reactants traveling through the tubes 138 from different reactant 
sources mix before traveling to the substances M deposited on the 
substrate S. The reactant exits the mixing chamber 14 0 through a 
plurality of reactant delivery passages 142 in the collar 112 and 
then flows between an exterior surface of the inner body 102 and 

15 an interior surface of the cavity 106 to an outlet defined by an 
exterior surface of the tip 116 and an opening 144 in the cover 
120 to contact the substance M deposited on the substrate S 
immediately below the tip 116. As will be appreciated by those 
skilled in the art, the reactant reacts to form a reaction 

2 0 product which is analyzed by the scanning mass spectrometer. The 
tip 116 surrounding the recess 118 forms a barrier for containing 
reactants and reaction products in the recess. A second barrier 
14 6 extending downward from the cover 12 0 surrounds the opening 
144 and the recessed tip 116. 

2 5 To prevent reactant from contaminating adjacent substances M 

deposited on the substrate S, a vent passage 148 is provided in 
the probe 20. The vent passage 148 extends from an annular 
cavity 150 surrounding the cavity 106 of the outer body 104 to 
tubes 152 (Fig. 3) connected to a facility exhaust system (not 

30 shown) . A series of holes 154 provided in the cover 120 form 

inlets for permitting the reactants and reaction products to pass 
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through the cover 120 and enter the cavity 150 and vent passage 
148 . 

Conventional instrumentation is also provided on the probe 
20. For instance, a heater 156 (Fig. 3) is positioned in an 
opening 158 in the outer body 104. The opening 158 includes a 
slot 160 which may be compressed to clamp the heater in the 
opening. A similar opening 162 is provided for holding a 
temperature sensor 164 (Fig. 3) in the probe 20. 

As will be appreciated by those skilled in the art, the 
probe may have other embodiments without departing from the scope 
of the present invention. As illustrated in Fig. 5, a probe 170 
of a second embodiment includes an inner body or plug 174 and an 
outer body 176 having an inner cavity 178 sized and shaped for 
receiving the inner body. A cover 180 is attached to a lower end 
of the outer body 176 for capturing the inner body 174 in the 
inner cavity 178. The cover 180 includes a central tip 182 
having a recess 184 sized and shaped for receiving at least a 
portion of the substance M (Fig. 4). The cover 180 also includes 
a recess 186 in its upper face sized and shaped for receiving a 
lower end of the inner body 174. A tube 188 extends upward from 
an inlet 190 in the lower recess 184 through the cover 180, inner 
body 174 and outer body 176 to form a product sampling passage 
which communicates with the tube 134 (Fig. 3) connected to the 
ionization chamber of the spectrometer to transport reaction 
products to the chamber for analysis. 

The probe 170 also includes reactant source passages 192 
extending through the outer body 176 from the tubes 13 8 (Fig. 3) 
connected to reactant sources (not shown) . The reactant source 
passages 192 extend to a mixing chamber 194 defined in part by 
the inner cavity 178 of the outer body 176 where reactants mix 
before traveling through reactant delivery passages 196 extending 
through the inner body 174 to the upper recess 186 in the cover 
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which forms a second mixing chamber where additional mixing 
occurs. The thoroughly mixed reactants are discharged into the 
lower recess 184 from the upper recess 186 through a plurality of 
apertures 198 (generally, outlets) in the tip 182. The apertures 
5 198 are laterally (radially) offset from the passages 196 in the 
inner body [196] 174 to promote recirculation and thorough mixing 
in the second mixing chamber. 

A vent passage 200 is also provided in the probe 170. The 
vent passage 200 extends from an annular cavity 202 formed in the 

10 lower face of the outer body 176 to the tubes 152 (Fig. 3) 

connected to the facility exhaust system (not shown) . A series 
of holes 204 extend through the cover 180 from the annular cavity 
202 to an annular recess 206 formed between the tip 182 and a 
barrier 208 surrounding the tip. The holes 204 permit the 

15 reactants and reaction products to pass through the cover 180 and 
enter the cavity 202 and vent passage 200. The barrier 208 
reduces emission of reactants and reaction products beyond the 
barrier to prevent adjacent substances M on the substrate S from 
being contaminated. The probe 170 of the second embodiment is 

20 identical to the probe 20 of the first embodiment in all other 
respects . 

As illustrated in Fig. 6, a probe 210 of a third embodiment 
includes an inner body, generally designated by 212, and a two- 
piece outer body, generally designated by 214, having an inner 

25 cavity 216 sized and shaped for receiving the inner body. The 

outer body 214 includes an upper piece 218 and a lower piece 220 
attached to the upper piece with screw fasteners (not shown) . 
Grooves 222 are provided in the mating faces of the upper and 
lower pieces 218, 220 for receiving conventional instrumentation 

30 such as heaters (not shown) . The inner body 212 includes a 
spacer 230, an intermediate member 232 positioned below the 
spacer, a resiliently compliant element 234 attached to the 
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intermediate member, and a cylindrical tip 236 attached to the 
lower end of the compliant element for engaging the substrate S. 
The tip 236 has a hollow interior forming a recess 238 sized and 
shaped for receiving reaction product, and in some embodiments, 
5 at least a portion of the substance M when the tip 236 engages 
the substrate S. Although other compliant elements may be used 
without departing from the scope the present invention, in one 
embodiment the compliant element is a bellows. 

The upper piece 218 of the outer body 214 includes a product 

10 sampling passage 240 extending upward from the recess 238 to the 
tube 134 (Fig. 3) connected to the product analyzer. The tube 
134 transports at least a portion of a reaction product from the 
product sampling passage 240 to the product analyzer. The upper 
piece 218 also includes reactant source passages 242 extending 

15 through the outer body 214 from tubes 138 (Fig. 3) connected to a 
plurality of reactant sources (e.g., four separate sources, not 
shown) . The reactant source passages 242 can optionally extend 
to a mixing chamber 244 defined by a central portion of the 
spacer 230. The reactant exits the mixing chamber 244 through a 

20 plurality of reactant delivery [ports] passages 246 in the spacer 
230 and then flows through the intermediate member 232 and the 
resiliently compliant element 234. A wall 248 extending across 
the tip 236 promotes recirculation and mixing of the reactants 
inside the bellows prior to entering the recess 238 in the tip 

25 236 through holes 250 (generally, outlets) in the wall. A 

barrier 252 extends downward from the lower piece 220 of the 
outer body 214. Preferably, the product sampling passage 240 has 
a higher resistance to flow than the reactant source passages 
242 . 

3 0 An overflow vent passage 254 extends through the outer body 

214 from a cavity 2 56 in the body positioned above the spacer 
230. Holes 258 extending through the spacer 230 between the 
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cavity 256 and the mixing chamber 244 permit the reactants to 
pass through the inner body 212 and enter the overflow vent 
passage 254. It is envisioned that conventional instrumentation 
may [is] also be provided in the outer body 214. For example, a 
5 hole 260 may be provided in the outer body 214 for receiving a 
thermocouple for measuring the temperature of the probe 210. 

To use the reaction chamber 10 described above, solid and/or 
liquid substances M are deposited on a substrate S and the 
substrate is loaded onto the stage 18 in the enclosure 12 . The 

10 horizontally-oriented actuator assemblies 14 are activated to 
sequentially align each of the substances M on the substrate S 
with the probe 20 (or 170 or 210) . When one of the substances M 
is aligned with the probe, the vertically-oriented actuator 
assembly 16 is activated to lower the probe over the substance. 

15 Reactants are injected through the reactant source passages 136 
(or 192 or 242) and downward through the corresponding reactant 
delivery passages 142 (or 196 or 246) in the probe toward the 
substance to contact the substance. The overflow vent passage 
254 allows for higher reactant flow rates with excess reactants 

20 being vented through the vent passage 254. Significantly, this 

approach prevents back diffusion of product gases into the source 
passage, and allows the contact time (i.e., residence time) to be 
controlled substantially by the flow rate through the product 
sampling passage [242] 240 and the recess volume. The reactants 

25 are allowed to react in the presence of the substance M on the 

substrate S to form a reaction product, and at least a portion of 
the reaction product is withdrawn through the product sampling 
passage 130 ([or 190] or 240) to a product analyzer for analysis. 
In the first and second embodiments, [A] any reactants and/or 

30 reaction products which escape from the recess 118 (or 184) are 
drawn through the holes 154 (or 204) in the cover 120 (or 180) 
and the vent passage 148 (or 200) to the facility exhaust so they 
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do not contaminate adjacent substances M on the substrate S. 
Alternatively, the reactants and reaction products can be vented 
from the recess 238 through the interior of the inner body 212 to 
the vent passage 2 54. 
5 Preferably, the probe 20 is used with a plurality of 

substances deposited in an array on the substrate S, and the 
steps of delivering, reacting, withdrawing, and analyzing are 
performed sequentially for each of the substances deposited on 
the substrate. 

10 Because the inner bodies 102, 212 of the probes 20, 210 of 

the first and third embodiments include the compressible 
resilient bellows element 114, 234, the tip 116, 236 can actually 
contact the substrate S to improve the reaction product sampling. 
Although the probes 20, 210 may contact the substrate S for other 

15 lengths of time without departing from the scope of the present 
invention, in some preferred embodiments the probes contact the 
substrate for between about 10 seconds and about 2 minutes. Even 
though the tip 116 of the first embodiment contacts the substrate 
S, a perfect seal is not formed between the tip and the substrate 

20 on a molecular level. Thus, in embodiments where reactants are 
delivered to the tip 116 through outlets which are external to 
the recess 118, at least a portion of the reactants can diffuse 
under the tip into the recess to react in the presence of the 
substance M, and reaction products can be withdrawn by the probe 

25 20. The sampling probe 20, 210 contacts the substrate S during 
at least a portion of the delivering, reacting and withdrawing 
steps. Preferably, the probe 20, 210 contacts the substrate S 
during the entire time the reactants are delivered to the recess 
118, 238, reacted in the recess and the reaction products are 

30 withdrawn from the recess. Although the probe 170 of the second 
embodiment does not necessarily include a compressible tip, it 
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can,be brought very near (e.g., to within about 100 micrometers) 
the substrate S to improve sampling capability. 

Using the touch-down probes 20, 210 of the first and third 
embodiments, contact times greater than about 1 second (e.g., 
5 between about 2 seconds and about 10 seconds) can be achieved. 
Contact time (i.e., residence time) is a function of reaction 
cavity volume and reactant flow rate through the cavity and as 
such, is likewise dependent upon probe design parameters (such as 
reaction cavity inlet port and outlet port geometries) and 

10 process conditions (such as fluid pressures) . The residence time 
is equal to the reaction cavity volume divided by the reactant 
flow rate through the cavity. Using the probes 20, 210 of the 
first and third embodiments, improved contact times can be 
achieved, and extremely small quantities of reaction products 

15 from low activity reactants can be detected. Although the recess 
118 may have other volumes without departing from the scope of 
the present invention, the recess of one preferred embodiment has 
a volume of about 10 microliters. Although the product sampling 
passages 13 0 may have other flow rates without departing from the 

20 scope of the present invention, the flow rate of the product 

sampling passage of one preferred embodiment is between about 1 
and about 10 microliters per second. Thus, the probe 2 0 of one 
preferred embodiment has a contact time of between about 1 second 
and about 10 seconds. 

25 Although the probes 20, 210 of the first and third 

embodiment are described as contacting the substrate S, a perfect 
seal is not created on a molecular level. It is envisioned that 
the tip 116, 236 of the probes 20, 210 can be treated with a 
compressibly resilient material (e.g., a synthetic rubber, quartz 

30 fiber or graphite diffusion gasket) to improve sealing 

capability. Alternatively, it is envisioned that the tip 116, 
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236^ may include grooves 262 (Fig. 4) or other openings to 
increase flow under and through the tip. 

Although the probes of the present invention [is] are 
described as being used in combination with a scanning mass 
5 spectrometer, those skilled in the art will appreciate that the 
probe may be used with other reaction product analyzers. For 
example, it is envisioned that the probes of the present 
invention may be used in combination with a photothermal 
deflection spectrometer as described in U.S. Patent No. 

10 6,087,181. 

In view of the above, it will be seen that the several 
objects of the invention are achieved and other advantageous 
results attained. 

When introducing elements of the present invention or the 

15 preferred embodiment (s) thereof, the articles "a" , "an", "the" 

and "said" are intended to mean that there are one or more of the 
elements. The terms "comprising", "including" and "having" are 
intended to be inclusive and mean that there may be additional 
elements other than the listed elements. 

2 0 As various changes could be made in the above constructions 

without departing from the scope of the invention, it is intended 
that all matter contained in the above description or shown in 
the accompanying drawings shall be interpreted as illustrative 
and not in a limiting sense. 
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Abstract of the Disclosure 

A sampling probe for delivering a reactant to a substance 
deposited on a substrate to form a reaction product and for 
transporting the reaction product to a product analyzer for 
5 analysis. The probe includes a tip positionable over the 

substance on the substrate. The probe has a recess in the tip 
sized and shaped for receiving at least a portion of the reaction 
product. The probe has a product sampling passage extending from 
the recess adapted for connection to the product analyzer for 
10 transporting [at least] the portion of the reaction product to 

the product analyzer. Further, [and] a reactant delivery passage 
[extending] extends to an outlet [positioned outside] at the 
recess for delivering reactant to the substance on the substrate 
to form the reaction product. 
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